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Abstract 
In this paper a three-dimensional CFD methodology to improve the performance of hydraulic components is shown.  
The study regardsresearch activities developed during the last two year by the Hydraulic Research Group of the 
University of Naples Federico II coordinated by the Prof. Adolfo Senatore. 
Models were build up with PumpLinx®, a commercial CFD 3D code developed by Simerics Inc.®, that solves 
numerically the fundamental conservation equations of mass, momentum and energy and includes accurate physical 
models for turbulence and cavitation. 
The paper demonstrate that this methodology may produce a significant improvement of the performance of several 
different components with an important costs reduction for prototyping phase. 
The paper presents results obtained on variable displacement vane pump and on a vane pump power split 
transmission, both pumps are used for mobile application. Analyzing the results of this paper it is possible to 
appreciate the transversality of the adopted methodology. 
The first analysis is made to avoid cavitation phenomena. The study has regarded the analysis of the forces acting on 
the pump ring related due by cavitation. 
The second study has regarded a new vane pump power split transmission concept developed by a research 
collaboration between the University of Naples and the University of Minnesota (USA). The goal of this activity is 
the investigation of the output power of the transmission. Results will be compared with experimental data by the end 
of 2015 when the prototype will be available. 
The flexibility the presented methodology makes this approach very interesting in the Hydraulic field offering the 
opportunity of solve completely different issues in many applications. 
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1. Introduction 
Hydraulics has the highest energy density of any power transmission technology and is a very effective 
way to transfer power from a source to a user. The recent development of new components and 
technologies especially the use of electronic sensors and controls on hydraulic components [1 - 2] makes 
the hydraulic systems more flexible and efficient. Hydraulic systems can also be used in niche application 
where electromagnetic effects must be avoided [2].  
In recent years, many studies were initiated to improve hydraulic components performance. As shown 
in figure 1, the history of fluid power research field has a completely different trend all around the world. 
Only Europe an after Asia invested on the research for the optimization of hydraulic components from 
1969. While the USA, only from 2001, started a policy to improve the research in this filed.  
 
Nomenclature 
F1 Force on the valve ring 
F2 Force on the valve ring  
Qc Control Flow 
ωp Input shaft speed 
ωm Output shaft speed  
Dp Displacement 
pc Pressure control 
Tp Input torque of the transmission 
Tm Output torque of the transmission 
 
 
 
 
 
 
 
 
 
 
Fig.1. The History of Fluid Power Research [9] 
The Hydraulic Research Group of the University of Naples “Federico II”coordinated by the Prof. 
Adolfo Senatore introduces in this paper a methodology based on the three-dimensional CDF modelling to 
study hydraulic components. The goal of the group is the fluid-dynamic optimization of hydraulic circuits 
and components. In this paper a computational fluid dynamics (CFD) technique, with an accurate 
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turbulence and cavitation sub-models will be described.Models were build up with PumpLinx®, a 
commercial CFD 3D code developed by Simerics Inc.®, that solves numerically the fundamental 
conservation equations of mass, momentum and energy and includes accurate physical models for 
turbulence and cavitation. 
From the component 3D CAD geometry, each fluid volume has been extracted, starting from the 
surfaces that are wetted by the lubricant.  
The geometry has been meshed with the binary tree mesh. In the boundary layer, the binary tree 
approach can easily increase the grid density on the surface without excessively increasing the total cell 
count. 
1.1. Variable Displacement Vane Pump 
One of the study made by the Research Group of the prof. Senatore is presented in this paragraph. The 
activity regards a variable displacement vane pump of the lubrication circuit of a high performance engine 
(shown in figure 2). The 3D modeling analysis is finalized to the investigation on the balance of the force 
acting on the control ring to allow a correct displacement variation; the result is an optimization of the oil 
pressure and flow-rate by controlling the eccentricity. In this model a study was also made on the 
cavitation phenomena at all the engine speeds [1]. 
Forces acting on the ring are shown in figure 2. 
 
 
Fig.2. Internal force on the control ring 
From the figure 2 it is possible to visualize the influence of each force in the oil pump displacement 
variation [2 – 4, 10].  
The model validation has been carried out comparing results of the PumpLinx®[8] simulations with 
experimental data at the different rotational speeds and oil temperatures. Plots in figure 3 show the flow-
rate comparison between numerical model results (red points) and experiments (continuous line).  
From the figure 3 it can be noted that the numerical model curve (red dot), with respect to the pressure 
axis, is very close to the experimental data (blue line)for all the operating conditions simulated, i.e. (1000 
– 7000)rpm. The maximum difference between the modeling results and the experimental data is 2%. 
Using this model it is possible to investigate on the cavitation phenomena. Images in figures 4 clearly 
show areas where pump is in cavitation and prove the correlation between the pump speed and the 
cavitation. By increasing the pump speed the cavitation areas increase, this phenomenon depends by the 
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internal fluid-dynamic of this pump. It is clear that issues depend by the geometry of the connection areas 
between the chambers and both ports (plates). Cavitation determines a high solicitation on the pump ring 
and consequently problem on the control of the pump displacement variation system. 
 
 
Fig. 3. Model/Experiment Results Comparison 
 
 
Fig.4. Cavitation areas comparison at different oil pump shaft speed 
1.2. Vane Pump Power Split Transmission 
With the same approach a novel vane pump power split transmission is studied. The Mathers 
Hydraulics[6] vane pump is a double-acting vane pump with a floating ring. By coupling the floating ring 
to an output shaft, the vane pump becomes a hydraulic transmission [4]. The focus of this other study is to 
optimize the vanepump analyzing the internal fluid dynamics of each part during the pump operation and 
redesigning to create the best pump geometry. The study comes from collaboration between the 
University of Minnesotaand the University of Naples “Federico II” research groups. The universities 
involved in this project worked in close cooperation on both simulation and testing. The Vane Pump 
Power Split Transmission (VPPST) functions much like a conventional power split hydro-mechanical 
transmission (HMT) but without the planetary gear [4 – 5].  
It consists of a Vane Power Split Unit (VPSU) and a variable displacement hydraulic motor. The 
VPSU is a double acting vane pump with a floating ring. The Input shaft of the VPSU is directly coupled 
to the engine and the output shaft, fixed to the floating ring, is connected to the drive train (see figure 5).  
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(a) Pump structure    (b)        New hydraulic symbol of the VPPST 
Fig.5. Schematic the VPPST and its hydraulic symbol 
Figure 5b shows a new Hydraulic Symbol introduces in the ISO (International Organization for 
Standardization).Using the model,it is possible to calculate the output power of this unit. In figure 6 the 
output power and the input power are shown at different outlet shaft speeds. The input speed is fixed at 
2400rpm.   
 
Fig.6. Output and Input power comparison at different output shaft speeds 
From the results in figure6 is clear that increasing the speed difference between the input and the 
output shafts decreases the output power while keeping the input power almost constant. Using the model, 
other analyses were made by changing the delivery pressure. The effect on the power is shown in figure 6, 
where the comparison between the input powers and the output powers is presented. In these simulations 
the outlet pressure is 34.5bar, the input shaft speed is 2400 rpm and the output shaft speed is 2000 rpm. As 
expected, by changing the delivery pressure, the input and output powers increase. It is important to 
clarify that torque ripple results, in figure 7, can be obtained only by using a modeling approach and no 
with any type of experimentation. The adopted methodology then is very useful to deeply study and to 
optimize the performance of this component for each operating condition in absence of experimental data. 
The prototyped of this transmission will be available by the end of 2015. 
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Fig.7. Power Comparison at different output pressure 
2. Conclusion 
This paper shows a methodology used to study hydraulic components like pumps.  
The adopted methodology can be used for many different applications. The goal of this research is to 
adopt a well know modeling methodology in the hydraulic field where, typically, the design is based on 
experience. 
The case first regards a study on a variable displacement vane pump of a high performance engine the 
second one an innovative vane pump power split transmission. 
The first model was made to investigate the cavitation phenomena to improve the displacement control 
by a reduction of the forces acting on the ring. For thisreason the model hasan accurate cavitation sub-
model. The second activity regards a study of the output torque on the second pump’s shaft of a double 
acting vane pump where the ring floating. The aim of this study is the estimation of the efficiency of this 
hydraulic transmission for this innovative component. The component is still in study by the collaboration 
between University of Naples and the University of Minnesota. The prototyped of this transmission will 
be available by the end of 2015. 
The methodology applied in this paper can represent a valid tool for the design and the optimization of 
hydraulic components used in many applications. In these particular cases the tridimensional CFD 
modeling approach represents a good instrument for the optimization of vane pumps for the mobile 
application. 
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